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B4 Oj 



X[: 2003/10/21 



XII42i°] CHI SS! , XII603E2] ^3 Oil 2| 

^diSOjMlouOil^ (Si) 



20 3 29,000 2! 

4 9 4,000 S 

0 2J OS! 
13 » 525.000 5! 

558,000 S 

1. fi^/H- S/dl/H(£SL1* 
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#3 ^*}: 2003/10/21 



t}^- #efl^3f, ^_5jL ^Efl = ^^ ^jjL c^ofl ^S^, ^5|-^-#7j] HV£*)1 

#^5. <>l^-<H2l «-^#3Zf, ^-71 ^H] *§^£M ^12 ^S^-M tiVS^l 

A o Vj f #Hfl = #^ ( ^-71 ^ #efl-# ^-ofl tg^sH, La 7fl<l ^-g- ^ Ni Till ^-g- 

^€ =L^-0_^B\ ^IS °l-f-<H*l =4=^ ^-7] ^# ^H] 

m. ^o\) tcj-stg, ^eflo] N i/AuS o]^^l ^^.acf Jf-sj-i:^- 
£ 2 

^^■S-, te^l iHMi*}, Jf-ig ^q-, IT0( Indium Tin Oxide), ^^(ohmic contact), ^4 
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# 

1020 
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^s^-M ^% 4i*> ^ zl x\)2i^ {GALLIUM NITRIDE BASED SEMICONDUCTOR LIGHT 

EMITTING DIODE AND METHOD OF PRODUCING THE SAME} 



£ 4^ ^efl^I ^5}- ^#31 w>£^l Ni/Au#^1 ^-^^1 ccf€- ^sf- 

^#3] ^r£^l ^-^^1- LaNi 5 /IT0#^ -f-^* «1 J2.^!r ^sfl^o] t)-, 

^^>^ tiling zisflHolcf. 

*£^2I ^_S.if cfl*V JjLJro] 

31, 111 : -4sM<>1 ^ 33, 113 : #5flJE.# 
34, 114 : #>y# 35, 115 : -tf^r #sfl^# 
37, 117 : ^# 38, 118 : ITO^ 
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41, 121 : *IU ^ 42, 122 : *\]2 

eeflofl Afls.^- ^^iL!- ^^nfl^s. JjLz^ji oi^ LED(^^V) ^^-^ ^7}o\]^ 
^ -g-^W ^c^IS Al^H €*ti*r ^ CF <3##, 2^, til^^L ^ #SHJ-fr 

*fl^Rr *rtr*H °1^7ll Sl^Cf. 7l^ nl-^Sl ^"^ ^SMM ^^J2f 

JL^iE LED7> ^^oil t^e} ^xq, %^-ab > ^o^jj K x\7} *}3.£, 7>^ 

*>7fl £|&i=h zlb] 14 ^--Hj-xn LED7> *H LED, LED^cf #|3E7> ^Jl 5 Q 5rm 7% 

^2] #^o\}*} ^ o.*V S^S] ^o] o>q 7 l nfl^-ofl T.V^i&I-g; K ^ «. 7 j. 

^r^jluf, 7^a^o #^<gxn K x\6\] 4^. 5 25nm JL*\5L ^ ^ ^s}-^-# 

31 i?KE31 LED# ^1^*^ ^fl^sl^cf. 
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<13> o)s\. aJs^-g-Tfl a>£^ll *#i*>fe ^*>3°-5. *i<2^ 7l^-«?l a}:^^ 71 

# A cHl^i Aj^sj ^ 91SLE.3-, GaAsTfl tfi^s} ^o] 7 1^^ wfl^ofl ^ &o_ 



£ 1* %-S*>^, ^^#711 #^-^>(20)^ *>sM<H ^ 7l^r(ll)4 #7l A>3}-ojoi 
7l^r(ll) #°fl ^V^o.S afll tiVH^fl *>■¥• #Hfl^(13), 

(14) £ ^2 tiV^l ^^9] #2fl«(15)-g: if-*ltf. 

A o v 7l #eH = #(13)-8t GaN#(13a)2r AlGaN#(13b)-^S o]^o]^_ + ojonj 

A o v 7l %^#(14)-£- cf^°^>-?-#(Multi -Quantum Well)^£) InGaNf^S. o)^<^^ ^ 

oicf. ^*V, a o v 7 ) AVJf #Efl«(i5)^r GaN^(15a)2f AlGaN#(15b) ^€ 5U 
4. #7l tiV£*fl ^#(13, 14, 15)^8: MOCVDCMetal Organic Chemical Vapor 

Deposition)^ ^ <>l-g-*H ^ 5£ck °1 "fl , GaN#(13a)^r ^°fl 

A}s)-oj<>| 71^(11)4^ 3*HJ^"§- ^Al7l7l ^*fl, AlN/GaN^ ^3J|^(d1iea1 ),§- n]^ 



«>^T ^7) A>s|.olol 71^(11)^ #7]*} #:§}o)PL5., - ^ 

* S-¥ ^*fl, <3<^1 *fl^H=r ^ #Hfl^#(15)2r %^#(14)* ofl 

4J*M ^ #2fl = #(13), UL4 ^^1^.9.5.^ n«g GaN#(13a)^l ^ ^#a] ^ji, zl 

n^ GaN(13a)^ ^ofl afll ^(21)* ^^4. 
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#7] p^ GaN#(15a)^r ^tfl^o.^. ^*J-g: $1<LILS-, ^-^9] 

o_ni3.EJ)( 0hmic Contact)^- *$*d^r ^ £-^4. °)Mr 3*ti, *l^^wiJL 

5,563,422J:(#^<?1 : «J-£. u)*W, -s.^<^ : 1996.10.08)^^^, GaN#(15a)^ ^ 
*fl *fl2 ^(22)-§- ^^*>7l &o\), ^^^>7l Ni/AuS 

5}r A o V 7l ^^(18)£- #-^^3* ^7}Al 7]^A^ ^5]^^ ^ 

nelM-, Ni/AuS ^3 ^^(18)£- l^e] o] ^^^DjEf-s ej= 60% 

70%^ ^ j±<ytf. °i &i *v M-i^, ^^^m °i-§-*h -g-^ 



°1 ^ & ^ ^-4*M iflsfl, Ni/Au#-i: cfl^l^H ^ 90% ^Vo} 

^^.S. ^s^^l ITOdndium Tin 0xide)^# ^^Rr ^l^JL 5^1^, ITOfe 

GaN cflSfl ^^-^o] ot^. ^n> o>u)e} p tg GaN o] 7.5eV<ydl aVsfl ITO^I ^tHr 

tt 4.7~5.2eV°]E.3- t ITO* p^ GaN#°l] f^*Rr ^ofl, .2.^ *§^S)*) 

^sf^, ^°lt W-l^ j^^-g- ^^^ 7 ) ^eflofl^ ^-71 p-GaN $H Zn 

^ ^^7f ^ £^*>7iq- CH- ^lChigh) p -GaNBl #^1^ 

ITO^I ^*N: ^jEs^cf. ZLe-juf, Zn i&^r C^r ^ #JL $!<>], %7)i} A]~g- 

A H1 GaN#°fl SH>€ , o] S oltsfl i^ffil ^a^I^ 
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<25> 100A ol^o} wl-eJ-^y^, ^-7] La 7fl<I LaNi 5 

^ ^ 5^*1, -S-71 Ni ?fl<g NiZn HL^r MgNi^ *r 



<26> M-o>7>, -g- «KE*ll ^4i7>o] ^yj-^-g- ^*Vcf. -g. tcfs. 

<27> «VE*ll ^^1^171 ^tb 7}*&Sr *}^Kr &?\)<%, ^7} 7}# ^o\] 7$ 

^£#31 «V£^ ^^3. «^f-g- ^*Hr ^)^, ^7) A oHl 

A o Vj f #Hfl = # A oHl La 311 Ni 3l<t ^ Mg 3)1 t^o S nfo S «^ 

^£ 1 ^^-S ol -oj^l ^#-g- #31 ^ #7l IT0## ^*Rr 

#3l» i^-W. 



^71 La 311 ^g-£- LaNi 5 1 ^ , #7l Ni 311 NiZn SE^ MgNil ^ &cf. 
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5E*h #71 IT0## ^*Hr #31^, A o v 7) ^# ^-ofl IT0#* €^>^ ^«fl 

^^l^lfe »>^*>^, A o v 7l tf^f- ^ ^-71 ITOf^ (E-beam evaporator) 

S*V, £ ^o)j 4^ #7l ^sJ-zJ-M aVESfl ^4i7}^ ^s^^:, #7l ITOf^ 1 
*i^Rr ^ Till- ^ 5-1^, °1 *fl ^-71 ITO^ <^sm, t)i\7}£:3]7)o\]*\ 200 °C 
^£5. 303. -g-tr ^71 IT0#^r I^SHr ?H HV^^>cf. 

<>l^h ^€ % V ^*H iH} ^M^Hl ^^*Vcf. 



3tr ^r^M^ 7l^r(31)^ ^"71 A>3^ol^ 7l^r(31) ^ ^fa|o S t^tg 
«V£^ ^a. #sfl^.#(33) ; #^(34) ^ ^12 5L*1^ «VE*)1 

(35)1- i^-tr^f. *1]1 te^ll #^5. o]=o^^l ^ #2fli=fK33)£r GaN# 

(33a)*f AlGaN^(33b)^-S. ^l-?-^ ^ , A oM %^^(34)^r ^^7>-f#^-2: 

(Multi -Quantum Well)^ <£;E^. InGaNf^^' ^1^^^ ^ ^2 aV^^l 

S. ^l^-^^l -S-71 ^ #efl^#(35)^r GaN^(35a)3f p^ AlGaNfK35b) *r 5U 

cf. <^av^ o.s ^"71 H]ri^ 4^(33, 34, 35)£: M0CVD(Metal Organic Chemical Vapor 
Deposition)^ -f-^ °l-§-*H 91^. °1 1, GaN#(13a)# ^^}7) *H) 
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A>s)-oi^ 7l#(ii)-B}-s} z^Mi^-i- *^X\7)7] ^*fl, AlN/GaNSf ^ ^^^(^£^1)^: 



A o v ^ ^7]- n #2fl = #(33), £ 2°)} ^ GaN#(33a)^ 

Str, *fl2 ^^-(42)^: IT0#(Indium Titanium Oxide layer : 38) #°fl ^^^cf. 
GaN#(35a)£r GaN#(33aHl «l*fl ^cfl^S fe-gr x^j-s)- ^ <y^(*f 7.5eV)-& 
7}*)B.3., #7} GaN#(35a):*r #7} IT0#(38) A}o]ofl ^s.^^. t§^-s}7) ^sfl, ^~g-# 
(37)# ^7^0.5. ^- ^oflA-] *fl-§-Sl^ ^-#(37)£ La 7fl<i ^ ^ Ni 

S nfo S «El H ^.2.5. ^"71 La 7fl<i ^g-iLsL^ LaNi 5 7}- cfls. 

Ni 711 <i ^S-S.Tr NiZn, MgNi $X^}. 

A o v 7l ^g-#(37)£- ^Hrtr IT0#(38)^r ^-g-^c-ll m}-^ ^ oi^ Sfl 

^*>7] ^fV ^, a o v 71 ^-#(37)°- ov^ ^rg^j. LaNis = eq u ^ 

NiZn, MgNi ^ Ni Tilt ^4 ^ ^ ^ # ^o_S ^l^^tf. olsq. Qo) ^± 

A o v 7l p^g GaN#(35a)^r Mg# A}-g-*H ufl°- uj-o. ^ M JEH^. ^1 , 

p^ GaN#(35a)^ S^ofl ^*Kr ^^(H)af #7l Mg7> ^ Mg^ c| 

<>13. *]*fl #7] p^ GaN^^ 7.^^ c-^ ^7}H>}7]} ^t}. ^-g.^ 
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* ^*Hr LaNi 5 ^-S] La Tfll ^ iE^r NiZn, MgNi f-Sj Ni 311 ^ 

ej= 100 A °}f:}S. #7} p^g GaNf^ ^<H| <I*iiM» #7l ^± ^ 

GaN# ^# p t§ GaN# vfl^ Mg^^l ^-§- « 0 >*1 

^-iLS.*) p^ GaN# Mg(l-^#)1- M^l^^-S.^ T^V-g- #^Al7l7fl s)^. ^o] 



<3?> i4eH, ^-7) IT0^(38)4 #7l ^^(37)^ 3-2*>7fl *r Xl^, ^l^fHr 



<38> S*!, ^-71 ^#(37)^r #71 IT0^(38H1 wl^fl ^T-tfl*j ^^o] ^o £Si ^ 

50 AS) ^3. *§<%&t±. 



^Jl#^t J±Cf *^Al7l7l #*fl, ^J-71 ^-#-4 IT0#^ ^^l?]^ nfl $\ 

(mesh) *fl-g-€ <r 5^. ^ ^Al^EfloflA^, #71 ITOf^l, ^tt 

4 Qo] ^^o. S ^ms\JL °]<aj<q 4^r7fl^ 5L^Rr ^4=1 ^HflS #7l p 

<8 GaN = # ^<H1 ^^J1JL*|, #7l -f-*fl p ^ GaN #Hfl£L#<^ t 

#^l7l7l] ^4. t^e^, fl-^o.^ afl«i^ ^7l -f-Sj) #«fl f^f°-5T 
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<40> £ 3a ifl*l £ 3e^ £ *^ofl nJ-S- ^3-?J"§-7ti 1V£^1 ^-^^>S] ^« 0 ^i -^SW 

<4i> o.^, E 3a ^ z>o] ^S^f-Tll tiV^j ^^|7l7l ^tb 7l^-(lll)ofl *)H 

^£^1 ^€ ^ #Hfl^(113)^- «^(114) ^ ^12 £*d^ «V£^1 

A eHf #£fl^#(115)# ^-3. ^^tbcf. #7] ^#-g- 71^(111)^ A>2}-o]^ 7]^;^ ^ & 

^71 5>-f #2fl^-#(113) ^ ^ #Hfl=-^(115)^r £ 2°fl ^Al^EflS)- Z>o] Z^-Zj- 

GaN#4 AlGaN^S ^€ ^ , MOCVD ^<LS. t 5£^. 

<42> d]^, £ 3b sq. z>o] a o v 71 #efl = ^(H3)^ ^^-<^^(113a)ol #7l 3<H 

£ #efl^#(115)4 €^#(114)21 «a-¥-« AV 7 j #BflJElfKll3)3 

^^(113a)^ 3^°1 *g>^ <3<*iL5. n>^^uf. ^ ^^^ofl ^^#oj 
3^*teL*> ^ rr)-^ cf<£^ ^Efls ^€ t ^ 371 £ t^^Tfl 
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cf^-o.^, £ 3c Qo], # 7 } aT-w. §2fl cA (U5) ^.30.5. ^^(117) ^ ITO 

#(118)* ^^M, #71 ^^(H7)^ ^=#4 ^.nl^^ 

La 311 ^ ^ Ni Till ^o.S zlM-SL^B\ #4* 0.3. ^^cf. #7l 

^#(117)^1 ^ l-^A-J, #71 La 311 ^~g--2-5.^r LaNi 5 7> tflsaM^, Ni ^o. 
3-tt NiZn, MgNi -§-°l 514. ole^ ^#(117) ^ IT0#(118)£- ^^ol^oj] ^*1# 
^7fl- ^1^1-71 ^^-^(E-beam evaporator )°-S. i^l^Rr 



°1 «fl, #71 ^ IT0#^ °H4=I ^#-9.5. ^ ^cf. #71 ^# ^ IT0## 

01141 ^#-2_S ^ ^ §f ^ ^-f°Hfe-, -£ 3b^ #«. #Efl = ^Sl #^ofl 4l*Kr nil 4=1 

^#S1 ^#0] ofl4l#O.S ISJll^iSt SflE^SKiL, ol <H #71 #JjL #EflJE.# #6fl oil 41 
^#^1 ^ IT0#* #^tr 3s sl^H ( lift-off) ^-8r -f-*fl l£e]| 

*ll7l*Kr -§•*!) *ll4) *§#^ ^# £ IT0#* 4- H^M-, 

-M^tb wV^f £°1 , ^141 ^Bflo] ^#ozl- IT0#* ^*Hr ^l^tfc ^ tf^dfl tcj-s. ^s). 



£ 3dsf ^ol #71 ^ #sfl 2=^(113)01 oj«. 7 |. <3°4(113a)4 #7l 

IT0#(118)S] #^-«H ZfZf *fll €^"(121)4 A2 *1^(122)* £ 3d^l £^8^ ^ 

cf. oleitb ITO^sl I^hItt. cfl7l(air) ffl7H-H 01= 20 0°C °l#£l ^£3. *M3E 30^ ^ 
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5. 4^ ^sfl^l H^^HM tiVE*fl ^4i^>2] Ni/Au^S] -^sf^Jif a. Mj-^ofl rtf^. ^sf 
^-§-7)1 ^SSfl #^^> LaNi 5 /IT0#£) Jp-jq-ir-g- al^tb HBflH°lcK ^ ^^(41)^ 
f^sj ^^M-S] p^ GaN# Ni/Au#^ u)-eH]^ 350 

ran 600nm^ 5^ ^f^o] 60%» ^?Vcf. ^1 , ^Sj-^*! «K£3] ^ v 

#i*HH $4| iE^r ^ sp£<3«<y 45 0nm Lfl^j 500nm^l s}-^ ^sH^i ^4 

°-} 50%<H] #4*>i}. 

%q ^(42)£r, *H ^^(41)o.S. 5*1^ ^2fl£) aVjESfl ^i*}^ p*§ GaN^ 
^ Ni/Au#^- <Mem <t^«- *>^1 ^ *H 

(41)4 w]:E*H ^ ^ ^4#°1 ^ ^cf. ZLEiuj-, 450nm vflx] 500nm^ 

4^ ^4^-°! 70% ufl*l 80%°fl ^#J1 flr}. 



^<Hl *35|-^#7l] ^H^l ^4i^Hl ^€ LaNi 5 /IT0f^ f-4^r°l # 

%q ^(40)SLS. S.*]£\o] oicf. 4}«] c 4o1 i LaNi 5 /IT0^ ^4^ #7] LaNi 5 

^-^^Hl LaNi 5 /IT0#£] ^-4#^r 3 4# tfl^°1H ^2fl^l #S.*fl t#4i4 

2] Ni/Au^J±4 W-^^r M_o]jl oicf. ^Afl se^ ^-An #2} 4# tfl°*o] 450 ran tfl 

*1 500nm^ 4# ^ofl^^ -^4^§: 0 1 ^ 90% ifl*] 100% ^^vo.^ ^gflo] ^s^-M ' 
^^M-sJ Ni/Au#°fl u]«q 20% o]#o] j= ^aj-^- j^ojjL oicf. o]^*}- ^-4^o| ^ 
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^di^ fl3E# tiling ZL5fl^o]cf. oVAi £ 4« -§-Sfl ^352^ t"}^ ^-o] ) -a hv^o]1 
^3E*H ^-^-^H ^>-g-^^ LaNi 5 /IT0#£) *r^-%:°] ^2fl^ ^ 20% 

°l A o v ^ ¥^ %MM: Mc>l°S fl£ <3*1 IHJ"^. £ 51- ^gflo} ^ ± 

?)£(60)^ ^ 9mcd xfl^l lOmcd <9°l| Hl«fl, to^fl ^^hM-^ fl3E.(62) 

£r °-} limed ifl*l 13mcdS., #2lH «l«fl ^£7V ^7^1 ^s)^^ «y- ^ o^. 



^«fl t^*}^ ^^SH 7}*m 7l#^ 9J^uj.^] #i=. ^ 

^ MHH 4°^^: *l€r, ^ 7>^>rf^ 3^ # 71^0)0) 

*|-7l LaN i 5 S-o} La 7fl«g ^ g NiZn> MgNi 2=£\ Ni7 jl<g ^J-^-jJf ^-ol ^ ^ ^> 

ol^o^^l ^-#-8; p ^ GaN# ^Hl Gams] #^#<y Mg5+ ^ 

-i: ^1^5-^1, ^7l lr^# Mg-fr «^ ^ ^ #^1^ <£*Kr 

^ ^ S^. Stb, 1*1 3* ITO^ ^7l ^o\] ^^f-o.^ ^ ^n)-^- 

# -n-*!^ t ^-2.^.5. Ht} JELLIES] Hl-g- ^ oi^ jL2f7> ^nf. 
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11 

<#7) #efl^^ <y«_ cg^ofl ^s}^ o^£H€ ^S^M *VE31 #^5- ol 

A oM ^--r- #2flS.^ ^Hl ^^M, La 31 <! Ni Till ^-^.S. ^fAS^ 

el 1 f^°5. ^l^-ol^l ^ 

A oM ^Hl ITOf^ if-*Kr l^^l^l aVE^l t^-i^>. 

2] 

^lll^Hl <&°1*], 

^■71 ^#^r 100A ol^o^ 3, o_ ^Hr ^S^M ^JE^l ^Jfr-fc. 

3] 

*1U%H1 ^oi^ ; 

^7l La 711 <! LaNi 5 °J* ^ 0.3. *Rr ^^^#7)1 ti_KE*)l 
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l^T 1 * 4] 

#7] Ni 7]|<1 NiZn iE^r MgNi°J-§- ^ ^s^M tiK£*fl ^#^*h 

[^^8- 5] 

^S^-g-Tfl til£^ ^^l?]7l ifl^ n]-^^ 

-I- ^#^1^1^ #31; 

^71 ^ #Bfl = # ^ 0 H1 La Till Ni Till ^ ^ Mg ?fl£ ^o.S =l 

6] 

A o V 7l ^#^r 100A o)S}3] ^}M. £i=. %± ^ ^SJ-zJ^tJ) aV£*ll 
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#7j La 31 "I ^~§-£- LaNi 5 °H, Ni 31 <I ^--g-^- NiZn SE^ MgNi^ ^^.S. ^ ^ 
8] 

La 7fl<i LaNi 5 °Jl- ffc= ^sJ-zJr-M *V5L*11 t^^r^l . 

9] 

A o v 7] Ni 311 NiZn MgNi^-i: ^Sr^M ^^>^ 

^lS^. 

10] 

^15%H1 ^-71 tf^* *8^*Rr #3]^r, 

^7) ^ #Efl = ^ ^Vofl (E-beam evaporator HI ^sfl ^^M?l 

[^T 1 * HI 

*115%H1 SH*!, ^-71 IT0## ^*Rr #31^, 

23-19 



S()030068166 #^ <^*}: 2003/10/21 

12] 

^"71 ITO^ ^S^Rr #7fl» Cl £^SRr ^ «l£^) 

13] 

£R7l-g-iH7HH 200 TC °l A o V ^ ^r£S. 302, #7l ITO#* I^^Rr 
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[£ 1] 
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3b] 




[Sl 3d] 




13a 
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